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© An optical pumping-type solid-state laser apparatus with a semiconductor laser device. 



© Disclosed is an optical pumping-type solid-state 
laser apparatus in which a semiconductor laser de- 
vice is used as a light source for optical pumping. 
The soiid-state laser apparatus includes first and 
second photodetectors. The former detects the 
amount of light emitted from the semiconductor laser 
device, and the latter detects the amount of laser 
light transmitted through a filter plate which has the 
same light-absorbance characteristics as that of the 
solid-state laser. In accordance with the detected 
results, a driving circuit drives the semiconductor 
laser device to obtain a laser beam with an appro- 
priate output level and a temperature regulator regu- 
lates the temperature of the semiconductor laser 
device so that the wavelength of the laser light to be 
^emitted therefrom is accurately adjusted to be the 
j^same as that of the light to be efficiently absorbed 
by the solid-state laser. The laser beam with the 
^accurately adjusted wavelength is used for optically 
^pumping the solid-state laser. 
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AN OPTICAL PUMPING-TYPE SOLID-STATE LASER APPARATUS WITH A SEMICONDUCTOR LASER 

DEVICE 



BACKGROUND OF THE INVENTION 



1 . Field of the invention: 

The present invention relates to an optical 
pumping-type solid-state laser apparatus with a 
semiconductor laser device, in which the solid-state 
laser is optically pumped by a laser beam with a 
predetermined wavelength emitted from the semi- 
conductor laser device so as to generate a laser 
beam with a target wavelength. 



2. Description of the prior art: 

A conventional solid-state laser is optically 
pumped by light emitted from a flash lamp so as to 
generate a laser beam. In general, however, many 
solid-state lasers such as Nd-doped YAG lasers 
efficiently absorb light with only a short range of 
wavelengths. Since the light emitted from the flash 
lamp has a wide variety of wavelengths, only a 
small part of the light thereof is absorbed by the 
solid-state laser. Thus, this type of solid-state laser 
has low efficiency of conversion of light from the 
light source into a final laser beam. 

On the other hand, laser light emitted from a 
semiconductor laser device has a similar range of 
wavelengths to that of the light efficiently absorbed 
by the solid-state laser mentioned above. Thus, the 
use of such a semiconductor laser device as a light 
source for optical pumping attains higher efficiency 
in the conversion of the light from the light source 
into a final laser beam. With the development of a 
more reliable semiconductor laser device of higher 
output power, an optical pumping-type solid-state 
laser apparatus which utilizes a semiconductor la- 
ser device as a light source for optically pumping 
the solid-state laser for the generation of a desired 
laser beam has been developed. 

Figure 5 shows a conventional optical 
pumping-type solid-state laser apparatus with a 
semiconductor laser device. The semiconductor la- 
ser device 61 is mounted on a temperature regula- 
tor 67, which modifies the wavelength of the laser 
light to be emitted from the semiconductor laser 
device 61. The laser beam emitted from the semi- 
conductor laser device 61 is directed through a 
light-converging unit 62 onto a light-receiving facet 
63a of a YAG rod 63. At the other side of the YAG 
rod 63 is disposed a reflecting mirror 64. facing a 
light-emitting facet 63b of the YAG rod 63. The 



light-receiving facet 63a of the YAG rod 63 and the 
reflecting mirror 64 constitute a laser resonator. 
The YAG rod 63 absorbs laser light emitted from 
the semiconductor laser device 61 and is optically 
5 pumped by the laser light so as to generate a laser 
beam with a wavelength of 1.064um. 

Figure 6a shows the light-absorption character- 
istics of the YAG rod 63 with respect to 
wavelengths of light. As shown in Figure 6a, the 
w YAG rod 63 absorbs light with a wavelength of 
0.809 urn at high efficiency. Thus, the semiconduc- 
tor laser device 61, which can emit a laser beam 
with the wavelength of 0.809 am, is used for opti- 
cally pumping the YAG rod 63. 
75 The light-receiving facet 63a of the YAG rod 63 

is coated with a film which transmits light with a 
wavelength of 0.809um and reflects light with a 
wavelength of 1.064iim. On the other hand, the 
light-emitting facet 63b facing the reflecting mirror 
20 64 is coated with a film which transmits light with 
the wavelength of 1.064um. The surface of the 
reflecting mirror 64 which faces the light-emitting 
facet 63b is coated with a reflecting film for reflect- 
ing light with the wavelength of 1.064um at a high 

25 reflectivity. 

In such an optical pumping-type solid-state la- 
ser apparatus, the temperature regulator 67 regu- 
lates the temperature of the semiconductor laser 
device 61 so that the laser light to be emitted 

30 therefrom has the wavelength of 0.809um, which 
can be absorbed by the YAG rod 63 at high 
efficiency as described above. Thus, the laser 
beam emitted from the semiconductor laser device 
61 is efficiently absorbed by the YAG rod 63, which 

35 is then optically pumped by the laser light to gen- 
erate therein a laser beam with a wavelength of 
1.064u.m. Then, the resultant laser beam is emitted 
therefrom at a high output level. An optical 
pumping-type solid-state laser apparatus with the 

40 above configuration has been developed as a 
small-sized laser light source for laser instrumen- 
taion and measurement, laser material processing, 

and the like. 

In the semiconductor laser device 61 used in 

45 such a conventional optical pumping-type solid- 
state laser apparatus, mode hopping or the like 
may arise due to deterioration with time, changes 
in temperature or in the level of the injected cur- 
rent, and the like. This changes the wavelength of 

so the laser light emitted from the semiconductor laser 
device 61. Although a semiconductor laser device 
which can output a laser beam with a desired 
wavelength is carefully selected, the wavelength 
thereof tends to change for the above-mentioned 
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reason, and accordingly deviates from the short 
range of wavelengths of light which can be ab- 
sorbed at high efficiency by the YAG rod 63. This 
deviation changes the amount of the laser light to 
be absorbed by the YAG rod 63, thereby changing 
the resultant optical output power of the solid-state 
laser apparatus. 

The laser generation efficiency of an Nd-doped 
YAG rod 63 with respect to the wavelengths of the 
laser light emitted from a semiconductor laser de- 
vice 61 is shown in Figure 6b. As shown in Figure 
6b, when the wavelength of the laser light deviates 
from the short range of wavelengths including 
0.809um, the output level of the resultant laser 
beam is greatly decreased- As described above, 
the laser light of the semiconductor laser device 
used in the conventional optical pumping-type 
solid-state laser apparatus is likely to change in 
wavelength, which naturally decreases the output 
level of the resultant laser beam, thereby prevent- 
ing the solid-state laser apparatus from generating 
laser light in a stable manner for a long period of 
time. 

SUMMARY OF THE INVENTION 



been emitted from said semiconductor laser device 
and transmitted through two respective filter 
means, said two filter means being arranged to first 
transmit laser light with two different ranges of 

5 wavelengths, respectively, and then absorb light 
with the same wavelength as that of the light to be 
absorbed by said solid-state laser, the central value 
of said two ranges of wavelengths being slightly 
shifted from each other. 

w In a preferred embodiment, the solid-state laser 

may receive laser beams emitted from a plurality 
of semiconductor laser devices. 

In a preferred embodiment, the solid-state laser 
is a YAG laser. 

75 Thus, the invention described herein makes 

possible the objective of providing an optical 
pumping-type solid-state laser apparatus utilizing a 
semiconductor laser device which emits a laser 
beam with an accurately adjusted wavelength for 

20 optically pumping the solid-state laser, thereby al- 
lowing the solid-state laser to stably generate a 
laser beam at a high output level for a long period 
of time. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 



The optical pumping-type solid-state laser ap- 
paratus in accordance with the present invention, 
which overcomes the above-discussed and numer- 
ous other disadvantages and deficiencies of the 
prior art, comprises a semiconductor laser device; 
a solid-state laser which is optically pumped by 
laser light with a predetermined wavelength emitted 
from said semiconductor laser device so as to 
generate laser light with a target wavelength; a first 
optical detection means for detecting the amount of 
laser light emitted from said semiconductor laser 
device; a second optical detection means for de- 
tecting the amount of laser light which has been 
emitted from said semiconductor laser device and 
transmitted through a filter means, said filter means 
absorbing light with the same wavelength as that of 
light to be absorbed by said solid-state laser; and a 
means for modifying the wavelength of the laser 
light to be emitted from said semiconductor laser 
device in accordance with the detected results of 
said first and second optical detection means. 

In a preferred embodiment, the means for 
modifying the wavelength of the laser light is a 
temperature regulator which regulates the tempera- 
ture of said semiconductor laser device. 

In a preferred embodiment, the second optical 
detection means includes a photodetector. 

In a preferred embodiment, the second optical 
detection means may include two photodetectors 
for detecting the amount of laser light which has 



This invention may be better understood and 
30 its numerous objects and advantages will become 
apparent to those skilled in the art by reference to 
the accompanying drawings as follows: 

Figure 1 is a schematic diagram showing an 
optical pumping-type solid-state laser apparatus 
35 with a semiconductor laser device in accordance 
with the invention. 

Figure 2 is a block diagram showing the 
control system of the optical pumping-type solid- 
state laser apparatus of Figure 1 . 
40 Figure 3 is a schematic diagram showing 

another example of the semiconductor laser sec- 
tion of the optical pumping-type solid-state laser 
apparatus in accordance with the invention. 

Figure 4 is a schematic diagram showing 
45 another optical pumping-type solid-state laser ap- 
paratus of the invention. 

Figure 5 is a schematic diagram showing a 
conventional optical pumping-type solid-state laser 
apparatus with a semiconductor laser device, 
so Figure 6a is a graph showing light-absorption 

characteristics of a YAG laser with respect to the 
wavelengths of light. 

Figure 6b is a graph showing the relationship 
between the wavelength of the laser light absorbed 
55 by solid-state lasers and the level of the laser light 
output therefrom. 
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DESCRIPTION OF THE PREFERRED EMBOD1- 
~ MENTS 



Figure 1 shows an optical pumping-type soiid- 
state laser apparatus with a semiconductor laser 
device in accordance with the present invention, 
which comprises a semiconductor laser section 10, 
a light-converging unit 21. a YAG rod 22, and a 
reflecting mirror 23. 

The semiconductor laser section 10 includes a 
semiconductor laser device 11 and a temperature 
regulator 16, which comprises a Peltier element, for 
adjusting the wavelength of the laser beam to be 
emitted from the semiconductor laser device 11, 
the semiconductor laser device 11 being mounted 
on the temperature regulator 16. The laser beam 
emitted from the semiconductor laser device 11 is 
converged by the light-converging unit 21 to be 
directed onto the light-receiving facet 22a of the 
YAG rod 22. At the other side of the YAG rod 22 is 
disposed the reflecting mirror 23 facing a light- 
emitting facet 22b of the YAG rod 22. 

The light-receiving facet 22a of the YAG rod 22 
is coated with a film which transmits light with a 
predetermined wavelength, for example, of 
0 809um, i.e., the wavelength of light that can be 
absorbed by the YAG rod 22 at high efficiency. 
This film reflects the light to be generated in the 
YAG rod 22, i.e., the light with a target wavelength,- 
for example, of 1.064um. The light-emitting facet 
22b is also coated with a transmitting film which 
transmits a laser beam with the wavelength of 
1.064iim generated in the YAG rod 22. The surface 
of the reflecting mirror 23 is coated with a reflect- 
ing film which reflects the laser beam transmitted 
through the light-emitting facet 22b of the YAG rod 
22, i.e., the laser beam with the wavelength of 

I. 064um. 

With the above-described construction, the 
light-receiving facet 22a of the YAG rod 22 and the 
reflecting surface of the reflecting mirror 23 con- 
stitute a resonator. Since the YAG rod 22 absorbs 
light with the wavelength of 0.809urn at high effi- 
ciency, it absorbs a large proportion of the laser 
beam emitted from the semiconductor laser device 

II, the wavelength of which is carefully adjusted to 
0 809um as will be described later in detail. This 
allows the YAG rod 22 to generate a final laser 
beam with the wavelength of l.064um at a high 

output level. 

The semiconductor laser section 10 also in- 
cludes first and second photodetectors 12 and 13 
consisting of pin photodiodes made of silicon, 
which are mounted on a supporting member 15 
and located at the rear side of the semiconductor 
laser device 11, the rear side being opposite to the 
side provided with the light-converging unit 21. The 



first and second photodetectors 12 and 13 are 
disposed adjacent to each other or formed as a 
singJe unit. The semiconductor laser device 11 also 
emits a laser beam from its rear side toward the 
5 first and second photodetectors 12 and 13. The 
light-receiving surface of the second photodetector 
13 is provided with a filter plate 14 which is made 
of the same laser material as that of the YAG rod 
22. This means that the filter plate 14 absorbs the 
io light with the same wavelength as that of the light 
absorbed by the YAG rod 22. The first photodetec- 
tor 12 directly receives the light emitted from the 
semiconductor laser device 11, while the second 
photodetector 13 receives the light through the 
75 filter plate 14. 

Figure 2 is a block diagram showing a control 
system of the solid-state laser apparatus of Figure 
1. As described above, the laser beam emitted 
from the semiconductor laser device 11 is directed 
20 through the light-converging unit 21 into the YAG 
rod 22. allowing the YAG rod 22 to generate a laser 
beam with a target wavelength. At the same time, 
the semiconductor laser device 11 also emits light 
from its rear side toward the opposite direction. 
25 part of which is directly received by the first 
photodetector 12 . and the other part of which is 
received by the second photodetector 13 through 
the filter plate 14. The first and second photodetec- 
tors 12 and 13 output electric signals in accor- 
30 dance with the amounts of light they have received. 
The output of the first photodetector 12 which has 
directly received the laser light is amplified by an 
amplifier 31 and supplied to one of the two input 
terminals of the first comparator 33 and also sup- 
35 plied to one of the two input terminals of the 
second comparator 34. The output of the second 
photodetector 13 which receives the laser light 
through the filter plate 14 is amplified by the am- 
plifier 32 and supplied to the other input terminal of 
4 o the second comparator 34. To the other input ter- 
minal of the first comparator 33. a standard signal 
generated by a standard signal generator 35 is 
supplied. The output of the first comparator 33 is 
fed to a driving circuit 17, which controls the semi- 
45 conductor laser device 11 so that it generates a 
laser beam with a predetermined output level. The 
output of the second comparator 34 is supplied to 
the temperature regulator 16. which regulates the 
temperature of the semiconductor laser device 11 
so so as to adjust the wavelength of the laser light to 
be emitted therefrom. 

The operation of the control system with the 
above-mentioned configuration will be described in 
more detail below. 
55 As described above, the laser beam emitted 

from the rear side of the semiconductor laser de- 
vice 11 is received by the first and second 
photodetectors 12 and 13. The first photodetector 
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12 directly receives the laser light and outputs a 
signal in accordance with the amount of light it has 
received. The signal is amplified by the amplifier 
31 and then delivered to the first comparator 33, 
where it is compared with the standard signal gen- 
erated by the standard signal generator 35. If it is 
determined that the amount of light detected by the 
first photodetector 12 is equal to or less than the 
standard level, the first comparator 33 outputs a 
predetermined signal to the driving circuit 17, 
which then drives the semiconductor laser device 
11 to output laser light with a predetermined output 
level. 

On the other hand, the second photodetector 

13 receives the laser light through the filter plate 14 
which absorbs the light with the same wavelength 
as that of the light absorbed by the YAG rod 22. 
Thus, when a large proportion of the laser light is 
absorbed by the YAG rod 22, the filter plate 14 
also absorbs the same large proportion of the laser 
light, so that only a small amount of light is trans- 
mitted therethrough to be received by the second 
photodetector 13. Conversely, when the wavelength 
of the laser light of the semiconductor laser device 
11 deviates from the range of wavelengths of the 
light which can be absorbed at high efficiency by 
the YAG rod 22, the amount of light absorbed by 
the YAG rod 22 and accordingly by the filter plate 

14 decreases, thereby increasing the amount of 
light to be received by the second photodetector 
13 

The second comparator 34 receives signals 
output from the first and second photodetectors 12 
and 13 as described above, and compares these 
output signals. When the second comparator 34 
determines that the difference between the amount 
of light detected by the first photodetector 12 and 
that detected by the second photodetector 13 is 
equal to or less than a predetermined level, it 
outputs a predetermined signal to the temperature 
regulator 16. Upon receiving the predetermined 
signal, the temperature regulator 16 controls the 
temperature of the semiconductor laser device 11 
so that laser light with an appropriate wavelength 
(i.e., 0.809um in this embodiment) is emitted there- 
from. 

Therefore, the semiconductor laser device 11 
constantly emits laser light with a predetermined 
wavelength which can be efficiently absorbed by 
the YAG rod 22. This assures stable generation of 
a final laser beam at a high output level in the YAG 
rod 22. 

In the above embodiment, the temperature reg- 
ulator 16 comprising the Peltier element is used to 
adjust the wavelength of the laser light to be emit- 
ted from the semiconductor laser device 11. For 
the adjustment of the wavelength, however, other 
arrangements can be adopted. For example, a 



complex resonator-type semiconductor laser device 
may be used as the light source for optical pump- 
ing, in which the resonating mode is regulated to 
adjust the wavelength of the laser light to be emit- 

s ted. Another arrangement can also be adopted in 
which a modulating signal is fed to the semicon- 
ductor laser device 11 and then a signal generated 
in the second photodetector 13 is subjected to 
phase-locked synchronous detection, thereby ad- 

w justing the wavelength of the laser light. In this 
case, the wavelength can be adjusted more ac- 
curately. 

Figure 3 shows another example of the semi- 
conductor laser section 10, which includes a first 

is photodetector 41 and a pair of second photodetec- 
tors 42 and 43 to receive and detect the laser light 
emitted from the rear side of the semiconductor 
laser device 11 disposed on the temperature regu- 
lator 16. The second photodetectors 42 and 43 are 

20 provided with filter plates 44 and 45, respectively. 
The surfaces of the filter plates 44 and 45 are 
coated with films 46 and 47, respectively, each of 
which transmits light with a different predetermined 
range of wavelengths. The central values of these 

25 ranges of wavelengths are slightly shifted from 
each other. The first photodetector 41 has no filter 
plate and accordingly receives the laser light di- 
rectly. The temperature regulator 16 operates in 
accordance with the amounts of light detected by 

30 the first and second photodetectors 41, 42 and 43. 
This arrangement assures more accurate adjust- 
ment of the wavelength of the laser light to be 
emitted from the semiconductor laser device 11. 
Figure 4 shows another optical pumping-type 

35 solid-state laser apparatus of this invention, which 
comprises a plurality of semiconductor laser sec- 
tions 51 with the same construction as that of the 
semiconductor laser section 10 shown in Figure 1. 
Laser beams emitted from the respective semicon- 

40 ductor laser sections 51 are directed through op- 
tical fibers 52 into an optical system 53, which 
converges the laser beams into the light-receiving 
facet of the YAG rod 54. At the other side of the 
YAG rod 54 is disposed a lens 55 facing the light- 

45 emitting facet thereof. Further at the other side of 
the lens 55, a nonlinear optical crystal 56 and a 
reflecting mirror 57 are located in that order. On 
receiving the laser beams, the YAG rod 54 is 
optically pumped to generate a YAG laser beam, 

so which is directed through the lens 55 into the 
nonlinear optical crystal 56 such as KTP or the like, 
where the second harmonic wave of the YAG laser 
beam is generated due to the nonlinear optical 
effect, resulting in a green laser beam. 
55 In the above embodiments, the semiconductor 

laser device is so located as to direct its laser light 
to one of the facets of the YAG rod, but the 
invention is not limited to this arrangement. For 
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example, the semiconductor laser device can be so 
located to direct its laser light to the longitudinal 
side of the YAG rod. Furthermore, the solid-state 
laser is not limited to the YAG laser, but other 
solid-state lasers such as YLF, WO*. YSGG lasers, 
and the like, are applicable. The YAG laser which 
generates light with wavelengths other than that of 
1.064um can also be used. 

The Nd-doped YAG rod 22 of the solid-state 
laser apparatus shown in Figure 1 can be replaced 
with an Nd-doped WO* rod, and the filter plate 14 
made of the same material as that of the Nd-doped 
YAG rod can be disposed on the light-receiving 
facet of the photodetector 13. In this case, as 
shown in Figure 6b, the spectrum of wavelengths 
of light efficiently absorbed by the Nd-doped YAG 
rod is smaller than that of light efficiently absorbed 
by the Nd-doped WO* rod. Thus, the range of 
wavelengths of the light to be emitted from the 
semiconductor laser device 11 is regulated to be 
smaller than that of the wavelengths of the light to 
be efficiently absorbed by the WO* rod. This 
assures more accurate adjustment of the 
wavelength of the laser light for optical pumping. 

In general, part of the laser beam emitted from 
the semiconductor laser device is often returned 
thereto, and the returned light tends to change the 
wavelength of the subsequent laser beams emitted 
from the semiconductor laser device. In order to 
reduce the influence of this returned light, the 
semiconductor laser device of the solid-state laser 
apparatus of this invention can be driven at high 
frequency of 100-600 MHz so as to slightly widen 
the spectral width thereof, thereby reducing the 
coherence length. With the reduced coherence 
length, the wavelength of the laser beam is not 
affected by the returned light. 

As described above, in the optical pumping- 
type solid-state laser apparatus of this invention, 
the wavelength of the laser beam to be emitted 
from the semiconductor laser device for optical 
pumping is accurately adjusted to be the same as 
that of the light to be efficiently absorbed by the 
solid-state laser. Thus, the solid-state laser can 
stably output a laser beam at a high output level. 

It is understood that various other modifications 
will be apparent to and can be readily made by 
those skilled in the art without departing from the 
scope and spirit of this invention. Accordingly, it is 
not intended that the scope of the claims appended 
hereto be limited to the description as set forth 
herein, but rather that the claims be construed as 
encompassing all the features of patentable novelty 
that reside in the present invention, including all 
features that would be treated as equivalents there- 
of by those skilled in the art to which this invention 
pertains. 



Claims 

1. An optical pumping-type solid-state laser 
apparatus comprising: 

5 a semiconductor laser device; 

a solid-state laser which is optically pumped by 
laser light with a predetermined wavelength emitted 
from said semiconductor laser device so as to 
generate laser light with a target wavelength; 

w a first optical detection means for detecting the 
amount of laser light emitted from said semicon- 
ductor laser device; 

a second optical detection means for detecting the 
amount of laser light which has been emitted from 

75 said semiconductor laser device and transmitted 
through a filter means, said filter means absorbing 
light with the same wavelength as that of light to be 
absorbed by said solid-state laser; and 
a means for modifying the wavelength of the laser 

20 light to be emitted from said semiconductor laser 
device in accordance with the detected results of 
said first and second optical detection means. 

2. An apparatus according to claim 1 , wherein 
said means for modifying the wavelength of the 

25 laser light is a temperature regulator which regu- 
lates the temperature of said semiconductor laser 
device. 

3. An apparatus according to claim 1. wherein 
said second optical detection means includes a 

30 photodetector. 

4. An apparatus according to claim 1 , wherein 
said second optical detection means includes two 
photodetectors for detecting the amount of laser 
light which has been emitted from said semicon- 

35 ductor laser device and transmitted through two 
respective filter means, said two filter means being 
arranged to first transmit laser light with two dif- 
ferent ranges of wavelengths, respectively, and 
then absorb light with the same wavelength as that 

40 of the light to be absorbed by said solid-state laser, 
the central value of said two ranges of wavelengths 
being slightly shifted from each other. 

5. An apparatus according to claim 1, wherein 
said solid-state laser receives laser beams emitted 

45 from a plurality of semiconductor laser devices. 

6. An apparatus according to claim 1, wherein 
said solid-state laser is a YAG laser. 
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© An optical pumping-type solid-state laser apparatus with a semiconductor laser device. 



© Disclosed is an optical pumping-type solid-state 
laser apparatus in which a semiconductor laser de- 
vice (11) is used as a light source for optical pump- 
ing. The solid-state laser apparatus includes first and 
second photodetectors (12,13). The former detects 
the amount of light emitted from the semiconductor 
laser device, and the latter detects the amount of 
laser light transmitted through a filter plate (14) 
which has the same light-absorbance characteristics 
as that of the solid-state laser. In accordance with 
the detected results, a driving circuit drives the 



semiconductor laser device to obtain a laser beam 
with an appropriate output level and a temperature 
regulator regulates the temperature of the semicon- 
ductor laser device so that the wavelength of the 
laser light to be emitted therefrom is accurately 
adjusted to be the same as that of the light to be 
efficiently absorbed by the solid-state laser. The 
laser beam with the accurately adjusted wavelength 
is used for optically pumping the solid-state laser. 



CO 



22q 22 22 

C-J — b 





FIG.1 . 



Xerox Copy Centre 



BNSDOCID: <EP 0390525A3J_> 




European 
Patent Office 



EUROPEAN SEARCH 
REPORT 



Application Number 



EP 90 30 3289 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with Indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (Int. C1.3) 



US-A-4 701 928 (T.Y. FAN et al.) 
Abstract; column 3, line 66 - column 4, line 2; figures 1a,1b 



EP-A-0 001 714 (THE POST OFFICE) 

* Abstract; page 3, lines 2-27; page 4, lines 12-24; figure 1 

WO-A-8 400 857 (WESTERN ELECTRIC CO. INC.) 
" Page 1 , lines 28-36; figures 1,2 * 

PATENT ABSTRACTS OF JAPAN, vol. 9, no. 274 

(E-354)[1997], 31 st October 1985; 

& JP-A-60 1 17 695 (SHARP K.K.) 25-06-1985 

* Abstract * 



1-3,5,6 



1-3,5,6 



H 01 S 
3/094 

H 01 S 3/133 
H 01 S 3/131 



The present search report has been drawn up for all claims 



TECHNICAL FIELDS 
SEARCHED (Int. CI .5) 



H 01 S 



Place of searcn 



The Hague 



Date of completion of searcn 
01 March 91 



Examiner 



GALANTI M. 



CATEGORY OF CITED DOCUMENTS 
X : particularly relevant il taken alone 
Y : particularly relevant if combined with another 

document of the same catagory 
A : technological background 
O: non-written disclosure 
P: intermediate document 
T : theory or principle underlying the invention 



E : earlier patent document, but published on, or after 

the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



BNSDOCiD: <EP 0390525A3_L> 



